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(57) Abstract 

In a reflective liquid crystal display device comprising on a substrate (12) an array of reflective pixel, electrodes (45) which are each 
connected to the output of a respective switching device (18), e.g. a TFT, carried on the substrate and which are provided on an insulating 
layer (40) that extends over the switching device, each pixel electrode (45) is connected to the output (31) of its associated switching device 
through a plurality of tapered contact openings (47) in the insulating layer (40) which form depressions (50) in the pixel electrode surface 
for enhancing the pixel's light reflection characteristics. The number, shape, size and relative disposition of such openings can be varied 
to tailor these characteristics. Preferably, a conductive layer (35) extends from the switching device output (31) beneath the area of the 
pixel electrode (45) for contacting the electrode at each opening and may have a rough surface resulting in asperities at the pixel electrode 
surface which further enhance its reflection properties. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL Albania 

AM Armenia 

AT Austria 

AU Australia 

AZ Azerbaijan 

BA Bosnia and Herzegovina 

BB Barbados 

BE Belgium 

BF Burkina Faso 

BG Bulgaria 

BJ Benin 

BR Brazil 

BY Belarus 

CA Canada 

CF Central African Republic 

CG Congo 

CH Switzerland 

CI C6te d* I voire 

CM Cameroon 

CN China 

CU Cuba 

CZ Czech Republic 

DE Germany 

DK Denmark 

EE Estonia 



ES 


Spain 


LS 


Lesotho 


SI 


FI 


Finland 


LT 


Lithuania 


SK 


FR 


France 


LU 


Luxembourg 


SN 


GA 


Gabon 


LV 


Latvia 


sz 


GB 


United Kingdom 


MC 


Monaco 


TD 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


GH 


Ghana 


MG 


Madagascar 


TJ 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


GR 


Greece 




Republic of Macedonia 


TR 


HU 


Hungary 


' ML 


Mali 


TT 


IE 


Ireland 


MN 


Mongolia 


UA 


IL 


Israel 


MR 


Mauritania 


UG 


IS 


Iceland 


MW 


Malawi 


US 


IT 


Italy 




Mexico 


uz 


JP 


Japan 


NE 


Niger 


VN 


KE 


Kenya 


NL 


Netherlands 


vu 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


KP 


Democratic People's 


NZ 


New Zealand 






Republic of Korea 


PL 


Poland 




KR 


Republic of Korea 


PT 


Portugal 




KZ 


Kazakstan 


RO 


Romania 




LC 


Saint Lucia 


RU 


Russian Federation 




LI 


Liechtenstein 


sp 


Sudan 




LK 


Sri Lanka 


SE 


Sweden 




LR 


Liberia 


SG 


Singapore 





Slovenia 

Slovakia 

Senegal 

Swaziland 

Chad 

Togo 

Tajik istan 

Turkmenistan 

Turkey 

Trinidad and Tobago 
Ukraine 



United States of America 

Uzbekistan 

Viet Nam 

Yugoslavia 

Zimbabwe 



WO 00/20920 



1 



PCT/EP99/06785 



DESCRIPTION 



REFLECTIVE LIQUID CRYSTAL DISPLAY DEVICE 

The present invention relates to a reflective liquid crystal display device 
comprising first and second substrates between which liquid crystal material is 
disposed and electrodes provided on the substrates defining an array of display 
pixels, the first substrate having an array of optically reflective pixel electrodes 
each of which is connected to the output of a respective switching device carried 
on the first substrate and is provided on the surface of an insulating layer 
extending over the first substrate and covering the switching devices. 

An example of such a display device is described in EP-A-0617310. In 
this device, a row and column matrix array of display pixels is provided, each of 
which is driven via an associated switch device in the form of a TFT (thin film 
transistor). The TFTs are carried on the surface of a first substrate together with 
sets of row, selection, conductors and column, data conductors through which 
the TFTs are addressed for driving the display pixels. As in conventional active 
matrix LCDs using TFTs, each TFT is disposed adjacent the intersection 
between respective ones of the row and column conductors. The gates of all the 
TFTs associated with a row of display pixels are connected to a respective row 
conductor and the sources of all the TFTs associated with a column of pixels are 
connected to a respective column conductor. Unlike conventional active matrix 
LCDs, however, in which the individual pixel electrodes are arranged 
. substantially co-planar with, and laterally of, the TFTs. the reflective pixel 
electrodes in this device are carried on an insulating film which extends oyer the 
first substrate and covers the TFTs and the sets of address conductors so that 
the pixel electrodes are positioned generally above the level of the TFTs and the 
address conductors. Each individual pixel electrode is connected to.the drain 
electrode of its associated TFT through a respective opening formed in the 
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insulating film directly over the drain-electrode. An advantage of this type of 
construction, in which the array of pixel electrodes and the array of TFTs are 
provided at different levels above the substrate surface, is that the pixel 
electrodes can be enlarged such that at two opposing sides they extend slightly 
5 over adjacent row conductors and at their two other opposing sides they extend 
slightly over adjacent column conductors rather than being sized smaller than the 
spacing between adjacent row conductors and adjacent column conductors with 
small gaps provided between the each edge of the pixel electrode and the 
adjacent conductor as in conventional display device arrangements. In this way, 

10 therefore, the pixel aperture is increased and in operation more light which 
passes through the liquid crystal layer and reaches the pixel electrode is 
reflected back to produce a brighter display output. Moreover, parts of a 
deposited metal layer which is patterned to form the reflective pixel electrodes 
can be left immediately overlying the TFTs during the patterning process so as to 

is act as light shields for the TFTs to reduce photoelectric effects in the TFTs due to 
light incident thereon, thereby avoiding the need to provide black matrix material 
on the other substrate for this purpose as is usual. This other, transparent, 
substrate carries continuous transparent electrode common to all pixels in the 
array and, in the case of a colour display, an array of colour filter elements 

20 corresponding to the array of pixels with each filter element overlying a 
respective pixel electrode. 

In order to improve the reflection characteristics of the pixels, particularly 
the resulting intensity of light scattering in the direction perpendicular to the 
display panel with respect to light incident on the pixel electrode at any angle, the 

25 pixel electrodes in the display device of EP-A-0617310 are made undulating by 
forming the region of the insulating film underlying the reflective pixel electrode 
with a plurality of randomly arranged bumps so that the pixel electrode deposited 
thereon, and comprising a metal layer of substantially constant thickness, 
similarly has surface bumps. These bumps on the pixel electrode serve to 

30 scatter light so that a greater proportion of light incident on the electrode from 
any angle is reflected in a direction normal to the panel to increase pixel 
luminance. The bumps in the insulating film are themselves formed by 
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patterning a deposited photoresist layer with the aid of a mask, light exposure 
and development to leave discrete dots of photoresist whose area and position 
are determined by the mask, and then depositing a further organic insulating 
layer over these dots. Thereafter a contact opening is formed at each pixel in the 
insulating film overlying the drain electrode of the TFT and a reflective metal 
layer is deposited which extends through these openings to contact the 
underlying drain electrodes and which is patterned to define the individual pixel 
electrodes. 

The formation of the undulating pixel electrodes is thus complicated, 
involving the deposition and processing of a number of separate layers including 
photoresist and organic insulating films which add significantly to the complexity 
of manufacture. Importantly, it is necessary for the dots of photoresist material to 
be shaped appropriately to avoid sharp edges and the like so that suitably 
shaped bumps result at the surface of the pixel electrodes and also for the region 
overlying the drain electrodes is kept free of bumps. 

It is an object to provide an improved reflective LCD of the kind described 
in the opening paragraph. 

It is another object of the present invention to provide a reflective LCD of 
the aforementioned kind which is relatively simple to manufacture. 

According to the present invention, there is provided a reflective LCD of 
the kind described in the opening paragraph which is characterised in that the 
pixel electrode is connected to the output of the switching device via a plurality of 
contact openings in the insulating layer at spaced locations over the area of the 
pixel electrode and having sloping sidewalls over which the pixel electrode 
extends. The plurality of contact openings serve to enhance the reflection 
characteristics of the pixel electrode. These contact openings result in 
depressions in the pixel electrode surface which, in comparison with the structure 
of EP-A-0617310, are effectively negative or inverse bumps but which behave in 
similar, light scattering, fashion for reflecting incident light. Moreover, the plurality 
of contact openings serves also to provide a degree of redundancy in the 
electrical connection between the pixel electrode and the switching device 
output. 
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The plurality of contact openings at each pixel location can be provided in 
simple manner for example by patterning the insulating layer 
photolithographically using a mask to define the contact openings and their 
relative disposition. The layer may be etched or, in the case of the insulating 

5 layer comprising a photo-resist material, photodeveloped. It is to be noted that in 
the device of EP-A-617310, a single contact opening is provided in the insulating 
layer by a photolithographic process before the pixel electrode is deposited so as 
to enable electrical connection between the pixel electrode and the underlying 
drain electrode of the TFT to be established. The provision of a plurality of 

10 contact openings in the device of the present invention does not, therefore, add 
significantly to the complexity of the processing this manufacturing stage and can 
be accomplished without any additional processing operations being required. 

Preferably, the plurality of contact openings are arranged regularly over a 
substantial part of the pixel electrode area, for example in a generally uniform 

15 row and column array occupying 50% or more of the overall area of the pixel 
electrode. The number, size, shape and relative disposition of the openings can 
be varied. For example, the openings may be generally circular or square. As a 
consequence of the openings being formed by a photolithographic method such 
as etching the sidewalls of the openings in the insulating layer will be sloping to 

20 some extent so that the shape of the resulting depressions in the subsequently 
deposited pixel electrodes will be tapering, e.g. generally conical in the case of 
circular openings. The exact shape of the depressions will depend though on 
the relative thicknesses of the insulating layer, and thus the depth of the 
openings, and the material of the pixel electrode layer as well as the width of the 

25 openings. If the pixel electrode layer is relatively thick then the resulting 
depressions formed therein will tend to smoothed out to some extent, for 
example in the nature of inverted domes. The openings may be spaced apart 
from one another so that substantially flat areas of the pixel electrode layer exist 
between adjacent openings or arranged close together so that the extent of the 

30 pixel electrode material between the depressions is reduced or minimised. 

Depending on the number and position of the contact opening with 
respect to the switching device, connection between the pixel electrode and the 
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output of the switching device may be achieved via respective, individual, 
electrically conductive tracks underlying the insulating layer and extending from 
the switching device. Preferably, however, an electrically conductive layer, 
connected to the output of the switching device is provided beneath the 
insulating layer and extending over a substantial part of the area of the pixel 
electrode, corresponding to the region in which the contact openings are formed. 
In the case of the switching device comprising a TFT, this conductive layer may 
be forrried integrally with the drain electrode of the TFT as an extension from a 
single deposited layer. Again, comparing this with the display device of EP-A- 
0617310, it will be appreciated that the provision of this underlying electrically 
conducting layer requires no additional processing operations. Thus, the 
reflection property enhancing depressions in the pixel electrode of the device of 
the present invention can be provided in simple manner merely by modifying 
certain existing fabrication operations. 

Preferably, the surface of this electrically conductive layer is rough so that 
after depositing the insulating layer and pixel electrode thereon the surface of the 
pixel electrode possesses a degree of roughness, providing surface asperities. 
Such roughness in the surface of the pixel electrodes in the regions around the 
contact openings assists in achieving desirable scattering reflection 
characteristics! The roughness of the conductive layer may be introduced 
deliberately or achieved as a natural consequence of fabrication processing by 
appropriately selecting the deposition conditions. In the case, for example, of the 
switching device comprises a polysilicon TFT having source and drain contacts 
of laser crystallised, n type, polysilicon, the n type polysilicon material inherently 
has a degree of surface roughness which may be adequate for this purpose. If a 
metal is used for this layer then depositing the metal in a substantially pure form 
will tend to create bigger grains, and hence roughness. Also, the deposited 
material of this underlying electrically conducting layer may be deliberately 
roughened by further processing in a known manner to provide this effect. 

It will be appreciated that switching devices other than TFTs may be 
employed, for example two-terminal non linear switching devices such as MIMs 
or TFDs (thin film diodes). When using such devices it is necessary to provide 
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only one set of address conductors, e.g. the row, selection, address conductors 
on the same substrate as the switching devices and reflective pixel electrodes, 
the other set of address conductor, e.g. the column, data, address conductors, 
being provided on the other substrate. 
5 The display device may be a monochrome display device or a colour 

display device in which colour filter elements are provided on the other substrate, 
for example as described in EP-A-0617310. 

Embodiments of reflective liquid crystal display devices in accordance 
with the present invention will now be described, by way of example, with 
10 reference to the accompanying drawings, in which:- 

Figure 1 is a schematic, cross-sectional view through part of an 
embodiment of a reflective LCD in accordance with the invention; 

Figure 2 is a schematic, plan view of the part of the LCD of Figure 1; 

Figures 3A to 3G illustrate examples of possible variations in the nature of 

is the pixel electrodes; 

Figure 4 is a schematic cross-sectional view through part of a second 
embodiment of a display device according to the invention. 

It will be appreciated that the figures are merely schematic and are not 
drawn to scale. In particular certain dimensions such as the thickness of layers 

20 or regions may have been exaggerated whilst other dimensions may have been 
reduced. The same reference numerals are used throughout the figures to 
indicate the same or similar parts. 

The reflective LCD of Figures 1 and 2 comprises a matrix array of display 
pixels arranged in rows and columns and is of the so-called field shielded pixel 

25 type. Figures 1 and 2 are, respectively, cross-sectioned and plan views through 
a typical part of the device showing just one display pixel, 10, for simplicity, 
although it will be appreciated that the device typically may comprise many 
thousands of display pixels. Referring to these figures, the device comprises a 
pair of insulating substrates 11 and 12 which are spaced apart and sealed 

30 together around their periphery so as to contain a layer of liquid crystal material 
15 therebetween. Both substrates are of glass, although only the substrate 11 
needs to be optically transparent to transmit light in operation. 
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The substrate 1 1 carries on its inner surface adjacent to the liquid crystal 
layer 15 a transparent electrically conducting layer 16, for example of ITO, which 
extends continuously over the display area of the device, corresponding to the 
area of the pixel array, and serves as a common electrode for the display pixels 
in the array. Over this common electrode an LC orientating film 17 of 
conventional form is provided. 

The other substrate 12 carries on its surface active matrix addressing 
circuitry and the reflective pixel electrodes which define respective individual 
display pixels. In this embodiment, TFTs 18 are used as the switching devices 
associated with the display pixels in the active matrix addressing circuitry. The 
operation of their circuitry and the manner in which the display pixels are driven 
follows conventional practice, as is described for example in US-A-51 30829 to 
which reference is invited for further information in these respects and whose 
contents are incorporated herein. The rows of pixels in the array are addressed 
one at a time in sequence by means of a gating (selection) signal applied to each 
row in turn which turns on the TFTs associated with the pixels of the row allowing 
each pixel in the row to be loaded with a respective data signal that determines 
its display output: Following addressing of all the rows of pixels in this manner in 
one field period, the rows are addressed again in similar manner in successive 
20 fields. 

The pixels are connected to sets of row (selection) and column (data) 
address conductors 20 and 21 carried on the substrate 12 with the gates of all 
the TFTs 18 in a row of pixels being connected to a respective row conductor 20 
and the source electrodes of all the TFTs in a column being connected to a 
respective column conductor 21. The drain of each TFT is connected to a pixel 
electrode 22 of its associated display pixel. In this particular embodiment, the 
TFTs 18 comprise amorphous silicon, bottom gate TFTs. However, the top gate 
amorphous silicon TFTs, or polysilicon TFTs, can be used instead. 

The gates and source electrodes of the TFTs comprise integrally formed 
extensions 25 and 30 of the row and column conductors. The active matrix 
circuitry comprising the TFTs and the set of rows and column address 
conductors is formed in conventional manner using standard thin film processing 
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techniques involving the deposition and photolithographic patterning of various 
layers. The row conductors 20 and gates 25 are provided by depositing and 
patterning a conductive material such as aluminium or aluminium and chromium. 
Following this, an insulating layer 26 of silicon nitride or oxide and constituting 
5 the gate insulator of the TFTs and serving also to separate the row and column 
conductors at their cross-over points is deposited over the entire surface of the 
substrate 12. Thereafter, a layer 27 of the amorphous silicon is deposited and 
patterned to leave portions at the locations of the TFTs constituting the channel 
regions of the TFTs. Doped (n type) amorphous silicon source and drain contact 

10 electrodes (not shown) may then be formed over the intrinsic amorphous silicon 
layer 27 at opposite sides of the gate if desired. The column conductors 21 and 
TFT source and drain electrodes are then defined by depositing layer of, for 
. example, a metal, such as Al, a metal alloy, or ITO, and patterning this layer to 
leave the column conductors with integral extensions 30, for the source 

15 electrodes, and the drain electrodes 31. Although a particular structure of TFT of 
simple form is shown here, it will be appreciated that other kinds of TFT 
structures which are known in the art can be used instead, with either a top or 
bottom gate, and that the order in which the layers are provided, the nature of 
these layers, and the materials employed can be varied accordingly. 

20 The drain electrode 31 of each of the TFTs is provided with an integrally 

formed extension 35, defined simultaneously with patterning of the drain 
electrode layer, which extends laterally of the TFT over the substrate surface, 
and above the insulator layer 26, so as to occupy the substantial proportion of 
the conventional pixel area. As can be seen particularly from Figure 2, the 

25 electrically conductive extension layer 35 is generally rectangular with its edges 
extending alongside, and slightly inwards of, adjacent pairs of row and column 
conductors which border the pixel. This drain extension 35 may be formed 
separately from a deposited conductive material different to that of the drain 
electrode 31 and with the extension overlapping, and in electrical contact with, 

30 the drain electrode at the region of the TFT, rather than being integrally formed 
from the same deposited layer. 
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Over this structure on the substrate 12 a comparatively thick film 40 of 
insulating material such as silicon nitride or oxide,- at an organic insulating 
material such as a polyimide or a photo-resist, is disposed. The film 40 extends 
continuously over the entire surface of the substrate and completely covers the 
TFTs 18, the drain extension layers 35 and the sets of row and column 
conductors to provide a surface parallel to the substrate surface and spaced from 
those components upon which the pixel reflective electrodes 45 are formed. 
Prior to forming these electrodes, however, a series of tapering contact holes, or 
vias, 47 are provided by photolithographic process over the area of the extension 
layer 35 at each pixel which extends through this insulating layer. When using 
silicon nitride or oxide or a polyimide material, a standard photolithographic 
process using a resist, exposure through a mask and etching may be employed 
to form the contact holes. When using a photo-resist polymer, the contact holes 
can be formed simply by photodeveloping. 

The pixel electrodes are then formed by depositing a layer of electrically 
conductive, light - reflective, material such as aluminium, an aluminium alloy, or 
silver or the substrate which covers the surface of the layer 40 and the sloping 
sidewalls of the tapering contact openings 47 to contact electrically with the 
underlying drain extension layer 35 at each contact opening location. This 
20 reflective layer is then photolithographically patterned to leave the array of 
discrete, mutually-spaced, pixel electrodes 45, each of which is electrically 
connected with its respective underlying layer 35 via the plurality of contact 
openings. Each pixel electrode 45 in this embodiment is generally rectangular, 
for example, approximately 100pm square, and so as to provide a high aperture 
25 ratio extends completely over the area between the section of the two row 
conductors 20 and the two column conductors 21 bordering the pixel 10 and 
partly over these conductor sections as well. Each pixel electrode is separated 
from its adjacent pixel electrodes, which also overlap these conductors, by small 
gaps so as to maintain electrical isolation between the electrodes. The 
so comparatively thick insulating layer 40 ensures that there are no significant 
capacitive coupling effects between a pixel electrode 45 and the address 
conductors at the regions of overlap. The array of pixel electrodes and 
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intervening surface areas of the layer 40 are covered by a continuous LC 
orientation layer 52 of conventional kind. 

The liquid crystal material of the layer 15 comprises a guest-host LC 
material, for example of the kind described in EP-A-0617310. However, other 
5 suitable known types of LC materials could be used. Although desirably the 
material should be of a type which does not require the provision of a polarising 
film which would reduce the amount of light utilised for display purposes, a 
twisted - nematic liquid crystal material could be employed together with a 
polarising film provided on the outer surface of the substrate 1 1 . 

!0 !n operation, each row of pixels is addressed in sequence by means of a 

gating signal applied by a conventional peripheral row driver during a respective 
row address period which turns on the TFTs associated with the row of pixels so 
as to transfer image data voltage signals present on the column conductors 21, 
supplied by a peripheral column driver drcuit, the respective pixels electrodes 4b 

15 via the drain extension layers 35 to cause the required display effect from the 
row of pixels. Light entering the display device through the substrate 1 1 is 
modulated by the LC material and reflected by the pixel electrodes back through 
this substrate, depending on the display state of the individual pixels, to produce 
a display image. 

20 The plurality of tapering contact openings 47 distributed over the pixel 

area result in the reflective pixel electrode 45 having reflective depressions 50 at 
these opening locations which serve to enhance the light scattering 
characteristics of the pixel electrode, for example, to ensure that light is reflected 
towards a viewer in a direction generally normal to the plane of the substrate 1 1 

25 so as to produce a display output of adequately high luminance, bearing in mind 
that light can be incident on the reflective pixel electrodes from various different 
angles. The intensity of light reflected perpendicular and near perpendicular to 
the substrate 1 1 is thus increased, resulting in bright display output and improved 
display quality. The improved scattering characteristic can also be beneficial to 

30 increasing the viewing angle. 

In the example illustrated in Figure 2, the contact opening 47, and hence 
the depressions 50, are organised in a regular row and column array, of five rows 
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with each row, apart from the first, having six openings, and with adjacent 
depressions 50 being separate in both the row and column directions by a 
similar, predetermined, distance. In this example, the size of the depressions at 
their opening will typically be around 5um in width or greater. The size, shape 

5 and relative dispositions of the openings and hence depressions, may be varied 
according to, for example, the overall size of the pixel electrode and the particular 
reflection characteristics desired. Typically, there will be a few tens of opening 
per pixel distributed over a substantial proportion, greater than around 50%, of 
the overall pixel area. The openings may be circular in cross-section or 

10 polygonal, for example square, and arranged closer together or further apart the 
shape and mutual position being determined by the mask used in the 
photoiithographical patterning of the layer 40. The openings/depressions need 
not be in a regular; row and column, array but could instead be arranged in a 
quasi-random fashion. For polygonally-shaped contact openings, the orientation 

15 of the individual openings in the array may be varied. A mixture of differently 
sized and/or differently shaped openings may be provided over the area of the 
pixel electrode. A smaller number of relatively large openings may be used. 
Examples of some possible variations are illustrated in Figures 3A to 3G .which 
show the shape of the depressions 50 towards their open end in portions of 

20 typical pixel electrodes. In Figures 3A. 3B, 3D, and 3E the openings are of 
rectangular, circular, square and hexagonal shape respectively and of 
substantially similar dimensions. In Figure 3G, the orientations of the openings, 
here square shape, are randomly varied. 

The depth of the depressions can also be varied to some extent, although 

25 this is depended on the thickness of the layer 40, the degree of tapering of the 
contact openings 47, and also the thickness of the layer used to form the pixel 
electrodes. With relatively small openings 47, and/or a relatively thick layer of 
reflective material for example, the depressions 50 resulting in the pixel electrode 
may be more generally rounded, in the form of a inverted dome. 

30 There possible variations can be utilised so as to tailor the scattering 

effects produced and optimise the scattering reflection characteristics of the pixel 
electrodes. 
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Preferably, the nature of the depressions 50, i.e. the number, size, shape, 
positioning, etc is the same for each pixel electrode 45 in the array so that 
similar, uniform, reflection characteristics are obtained, from all the pixels in the 
array. 

5 In order to enhance still further the scattering effects of the pixel 

electrodes, the drain extension layer 35 at each pixel is provided with a rough 
upper surface, as shown at 36 in Figure 1, which, as a result of the layers 40 and 
45 being deposited in sequence thereon, translates through these layers and 
produces a degree of roughness at the surface of the pixel electrodes 45 in the 

10 regions between the depressions. The amount of roughness produced at the 
surface of the pixel electrodes depends on various parameters, particularly the 
thickness of the layer 40, but it can be expected that some of the roughness of 
the layer 35 .will be translated to the pixel electrode surface to form a microscopic 
unevenness at the surface of the pixel electrode which will enhance the light 

15 scattering capability of those regions. Such unevenness may be in the form of 
protrusions, undulations, or other kinds of asperities typically having on average 
a pitch of around 1 to 3um and a height of around 0.5 to 1 urn. 

The surface of the layer 35 may be deliberately roughened to this end, for 
example by etching or other known technique, after it has been deposited or the 

20 material of the layer 35 may be deposited in such a manner that the required 
roughness occurs naturally due to the deposition conditions. A layer of 
polysilicon material formed by a laser recrystallisation technique having a rough 
surface can be created without difficulty. In the case, therefore, of the switching 
device comprising a polysilicon TFT instead of an a-Si TFT then polysilicon 

25 material is conveniently available to be used for this purpose. Figure 4 is a 
cross-sectional view through another embodiment of display device using a 
polysilicon TFT as the switching device. In this device the polysilicon TFT is a 
top-gate polysilicon TFT of relatively simple structure. The TFT comprises a 
layer of polysilicon material 55 formed by laser crystallisation on the surface of 

30 the substrate 12 over which a gate insulator layer 26, comprising silicon nitride or 
oxide is disposed and with the gate 25, for example of an Al alloy, being formed 
on the insulator layer 26. Regions of the polysilicon layer to either side of the 
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gate are doped to form n+ polysilicon, for example by ion doping using the gate 
as a mask, to provide source and drain contacts 30 and 31 with the intrinsic 
polysilicon material extending therebetween constituting the channel, A region of 
the n+ doped polysilicon layer is left after patterning to provide the drain 

5 extension layer 35. Thus, the drain, contact 31 and this layer 35 comprise 
different regions of the same deposited layer. At least this region 35 of the 
polysilicon layer is formed deliberately in a manner resulting in a rough upper 
surface 36 having asperities with dimensions in the aforementioned range. The 
gate insulator layer 26 is also extended to cover the extension layer 35, and in 

10 this case extends completely over the substrate surface, but may instead be 
terminated adjacent the end of the drain contact 31 by appropriate patterning. 
The layer 40 and the pixel electrodes 45 are then deposited over this structure as 
before with contact openings 47 being provided through the layer 40, and. the 
extension of the gate insulator layer 26 if present, before deposition of the 

15 reflective layer constituting the electrodes 45 so that the electrode material 
penetrates the openings and contacts the underlying n+ polysilicon layer 35, and 
with the roughness of the surface of the layer being translated to the surface of 
the pixel electrodes to cause microscopic surface irregularities and unevenness. 
Depending on the particular kind of TFT structure used, a further insulating layer 

20 may be deposited after forming the gates 25 and prior to depositing the layer 40. 

While the roughness of the layer 35 here is conveniently obtained as a 
direct consequence of the manner of the layer formation, other techniques may 
be used deliberately to introduce such roughness, for example by an etching 
process. These techniques are applicable also in the case where the layer 35 is 

25 formed separately from, but in contact with, the drain electrode, for example from 

a deposited metal layer. 

The switching devices of the active matrix circuitry need not comprise 
TFTs but may instead comprise two-termed non-linear switching devices such as 
MIMs or TFDs (thin film diodes). In a display device using such switching 
30 devices, it is usual to provide the set of row, selection, address conductors on the 
substrate and the set of column, data signal, address conductors on the other 
substrate. The switching devices and the pixel electrodes can be provided on 
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either substrate but normally on the substrate carrying the row conductors. The 
switching devices typically comprise a pair of conductive contact layers between 
which a layer of insulating, or semi-insulating, material is sandwiched. One 
contact is connected to the row conductor, and may be an integrally formed 

5 extension, and the other, output, contact is connected to the associated pixel 
electrode. This output contact may be formed with an integral extension to 
provide the contact layer 35 underlying the pixel electrode 45 or the layer 35 may 
be formed from a separately deposited conductive layer contacting the output 
contact of the switching device. 

10 For reflective mode operation, the substrate 12, unlike the substrate 11, 

need not be transparent and may be of a semiconductor material, such as a 
single crystal silicon wafer, rather than an insulating material such as glass. 

It will be appreciated that the display devices can be full colour display 
devices as well as monochrome display devices. To this end, an array of colour 

15 filter elements associated with the pixel array may be carried in the substrate 1 1 , 
for example, as described in EP-A-061731 0. 

In summary, therefore, a reflective LCD has been disclosed of the kind 
comprising on a substrate an array of reflective pixel electrodes which are each 
connected to the output of a respective switching device, e.g. a TFT, carried on 

20 the substrate and which are provided on an insulating layer that extends over the 
switching device, and in which each pixel electrode is connected to the output of 
its associated switching device through a plurality of tapered contact openings in 
the insulating layer which form depressions in the pixel electrode surface for 
enhancing the pixel's light reflection characteristics. The number, shape, size 

25 and relative disposition of such openings can be varied to tailor these 
characteristics. Preferably, a conductive layer extends from the switching device 
output beneath the area of the pixel electrode for contacting the electrode at 
each opening and may have a rough surface resulting in asperities at the pixel 
electrode surface which further enhance its reflection properties. 

30 From reading the present disclosure, other modifications will be 

apparent to persons skilled in the art. Such modifications may involve other 
features which are already known in the field of LCDs and component parts 
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thereof and which may be used instead of or in addition to features already 
described herein. Although claims have been formulated in this application to 
particular combinations of features, it should be understood that the scope of the 
disclosure of the present application also includes any novel feature or any novel 
combination of features disclosed herein either explicitly , or implicitly or any 
generalisation thereof, whether or not it relates to the same invention as 
presently claimed in any claim and whether or not it mitigates any or all of the 
same technical problems as does the present invention, The applicants hereby 
give notice that new claims may be formulated to such features and/or 
combinations of such features during the prosecution of the present application 
or of any further application derived therefrom. 
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CLAIMS 

1. A reflective liquid crystal display device a comprising first and 
second substrates between which liquid crystal material is disposed and 
5 electrodes provided in the substrates defining an array of display pixels, the first 
substrates having an array of optically reflective pixel electrodes each of which is 
connected to the output of a respective switch device carried on the first 
substrate and is provided on the surface of an insulating layer extending over the 
first substrate and covering the switching devices, characterised in that the pixel 
10 electrode is connected to the output of the switching device via a plurality of 
contact openings in the insulating layer at spaced locations over the area of the 
pixel electrode and having sloping sidewalls over which the pixel electrode 
extends. 

15 2. A reflective liquid crystal display device according to Claim 1, 

characterised in that the contact openings are arranged regularly over a 
substantial part of the pixel electrode area. 

3. A reflective liquid crystal display device according to Claim 2, 
20 characterised in that the contact openings are arranged in rows and columns. 

4. A reflective liquid crystal display device according to Claim 2 or 3, 
characterised in that the contact openings are of substantially identical size and 
shape. 

25 

5. A reflective liquid crystal display device according to any one of the 
preceding claims, characterised in that the pixel electrode contacts via the 
plurality of contact openings an electrically conductive layer extending beneath 
the insulating layer over the area of the contact openings and connected to the 

30 switching device output. 
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6. A reflective liquid crystal display device according to Claim 5, 
characterised in that the surface of the electrically conductive layer is rough so as 
to form surface asperities in the pixel electrodes via the insulating layer extending 
thereover. 

7. A reflective liquid crystal display device according to Claim 5 or 
Claim 6, characterised in that the switching device comprises a thin film 
transistor and in that the electrically conducting layer comprises an integrally 
formed extension of the drain electrode of the thin film transistor. 

8. A reflective liquid crystal display device substantially as 
hereinbefore described with reference to, and as shown in, the accompanying 
drawings. 
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